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The effects of space charge due to slowly drifting ions can be relevant for detectors
operated at high intensity, or for relatively low values of the bias voltage. Accurate
measurements have been obtained with the liquid krypton calorimeter of the NA48
experiment, from data collected in 1997. The build-up of space charge takes place
during the first part of the beam extraction burst, and causes a dependence of
the response on the transverse coordinate of the axis of electromagnetic showers,
and a small reduction of average amplitude. The effects are well reproduced by a
computation, where the only free parameter is the value of the ion mobility. The
model can be applied a wide range of operating conditions, and generalized to
detectors with different geometry and active medium.
1 Introduction
Ionization detectors are usually not affected by ions, because the induced
signal is dominated by the fast drifting electrons, and the total amount of
ion charge accumulated in the detector cell is typically much smaller than the
charge stored on the electrodes. However, space charge can produce observable
effects in case of large particle intensities, or for relatively low values of the
bias voltage.
The liquid krypton calorimeter for the NA48 experiment at CERN was
operated in 1997 with the bias voltage set at 1.5 kV over a gap of 1 cm, half
of the value used in the following years. In this condition, small but precisely
measurable effects of space charge have been observed.
In the following sections, after a brief discussion of the design and per-
formance of the NA48 calorimeter, a model of space charge effects in parallel
plate detectors is described, and compared to experimental observations. A
characteristic, dimensionless parameter is identified, and predictions over wide
ranges of operating conditions, cell geometry, and different active media are
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Figure 1. A quadrant of the electrode structure.
2 The NA48 liquid krypton calorimeter
2.1 Detector design
The NA48 electromagnetic calorimeter is a quasi-homogeneous device based
on liquid krypton.a Figure 1 sketches the electrode structure. The active
surface extends from the beam pipe (8 cm radius) to an octagonal outer
boundary 256 cm wide. The read–out cells (2× 2 cm2) are formed by Cu–Be
ribbons, 1.8 cm wide and 40 µm thick. The ribbons are stretched between
front and back plates made of fiber-glass reinforced epoxy, 127 cm apart, and
follow an accordion geometry defined by five thin spacer plates, which guide
the electrodes through machined slots at ± 48 mrad from the vertical plane
(figure 2). The signals induced on each anode are amplified, shaped to 80 ns
aLiquid krypton properties: density 2.41 g/cm3, radiation length 4.7 cm, Molie`re radius
4.7 cm, boiling point 119.8 K at 1 atm, electron drift velocity 0.27 (0.33) cm/µs at 1.5
(3) kV/cm, dielectric constant ǫR = 1.7 .
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FWHM wide signals, and digitized at 40 MHz. For the energy measurement,
the sum of the signals from a cluster of about 95 cells is used.
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Figure 2. Detail of ribbon electrodes near a spacer plate.
2.2 Detector performance
The performance of the detector has been obtained using electrons from
semileptonic kaon decays, for which the momentum P is measured in a mag-
netic spectrometer, and with special runs taken with electron beams. As
shown in figure 3, the energy resolution is σ(E)/E ≃ 0.125/E ⊕ 0.032/
√
E ⊕
0.005 (E in GeV), where the different terms are added in quadrature. The
spatial resolution (figure 3) is better than 1.3 mm and the time resolution is
better than 300 ps for showers above 20 GeV.
A discussion of additional detector characteristics particularly relevant
for the NA48 physics program can be found in reference 1.
3 Space charge model
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